Abstract: Inundation models based on the Shallow Water Equations (SWE) have been shown to perform well for a 3 wide variety of situations even at the limit of their theoretical applicability and, arguably, somewhat beyond. One of 4 these situations is the catastrophic event of floods induced by dyke breach and consequent dyke erosion. The dyke 5 collapse is often not sudden -as assumed by many flood simulations in which the dyke boundary is treated as a "dam-6 break". The dyke erosion is a gradual and complex process that delays the onset of the flood, affecting the hydrograph 7 of the flow. To simulate correct temporal passage of a flood, it is important to understand the rate at which these dykes 8 collapse. In this paper an overtopping flood event combined with dyke erosion is simulated. The model is built upon the 9 2D Shallow Water Equations together with sediment-flow interactions and incorporates a sediment transport equation.
Introduction

21
Inundation modeling is significant in flood risk management and disaster prevention and mitigation. A key example of 22 inundation, the catastrophic event of floods induced by the breaching of a dyke is rather complicated to predict, not only 23 because it is related to flood water propagation, but also to sediment transport which is still not well understood. In 
29
Traditionally dyke collapse is assumed to be a "sudden dam-break" of the whole structure or a constant breach size.
30
However, such treatments are unrealistic in reality and the "sudden collapse" hypothesis is too conservative. In fact, the 
57
In this paper, we present a 2D layer-based hydro-morphodynamic model focusing on predicting the flood process 58 caused by a complex dyke breach. An advanced second-order TVD-WAF scheme is proposed to solve the model system 59 numerically and the model is validated by several experimental cases. Further, an easy-to-implement 2D bed slope 60 avalanching model applicable to rectangular meshes is proposed in order to evaluate the stability of bed slope. This is 61 tested by comparing results against two theoretical bed slope failure cases. Due to the irregularity of topography caused 62 by morphological change, the method proposed by (Guan et al. 2013 ) is used to handle the wetting and drying problem.
63
The model is then applied to an experiment-scale partially breached dyke case.
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Morphodynamic model
65
Model assumptions 66
Based on an understanding of the physical processes of sheet flow, a layer-based concept divides the whole flow region 67 into an active bed layer; a mixed flow-sediment sheet flow layer and an upper water flow layer (Fig.1) . The framework 68 for the layer-based model system considered here consists of:
69
 a hydrodynamic module governed by the Shallow Water equations with sediment effects;
70
 a sediment transport module controlling the sediment mass conservation;
71
 and a bed deformation module for updating the bed elevation under the erosion and deposition of sediment 72 Flow-sediment interaction is a rather complex process and understanding is still in its infancy; thus it is impossible 73 to include a complete picture of the hydraulic and sedimentary effects accurately in any model. The present model is no 74 exception. Consequently in this work the following assumptions are adopted; (1) the sediment material is considered as 75 non-cohesive for all of the cases studied; (2) the collision effects of sediment particle-particle are ignored; (3) the time 
Governing equations 82
The hydrodynamic model is governed by 2D Shallow Water equations including the mass and momentum exchange 
100
where =u/u b is the flow-to-sediment velocity ratio. Also, the relationship = w (1-C)+ s C is substituted into Eqs. 
104
The morphological evolution is calculated according to the relation of the sediment transport rate and the transport 
112
Empirical relationships 113
Threshold for incipient motion
114
The threshold of sediment incipient motion is closely related to the dimensionless sediment particle size. The 115 relationship proposed by Soulsby (Soulsby 1997 
124
The flow-to-sediment velocity ratio
125
The sheet flow velocity has been studied by the derivation of empirical relationships based on experiments (Greimann 126 et al. 2008 , Hu and Hui 1996 , van Rijn 1984 . In this paper, the Eqn. by (Greimann et al. 2008 
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Since avalanching between two cells may induce new avalanching at neighbouring cells, the sweeping process is 
i+1/2 , which is the flux jump across wave k;
i+1/2 is the value of the flux vector in the interval k; herein 223 the CS2 (x=4.5m), the simulated bed profile by the prese cross section, this is much better than the profile simu the simulated bed profile is over estimated by the pre scour hole moves faster than the experimental observation larger than the measured bed. While the trend of the eros imilar shape with the measured bed profile, which is qua
Possible reasons for the quantitative discrepancy are: firs ater depth (maximum 0.25m), so the particle-particle coll ay be significant; secondly, the effect of the secondary flow particular case.
ons between simulated and measured water levels at P1, P2, P5 an 
353
Measured data 354
The measured data (Spinewine et al. 2004) 
361
Predicted hydrograph 362
The whole dyke and channel are discretised with dx=0.035m and dy=0.03m and the coefficient values =1.5 and =9.0 363 were chosen. For this kind of flood event the outflow peak discharge is a vital hydraulic parameter that needs to be predicted. Manning's coefficient n has a direct influence on the bed shear stress and thus strongly influences the flow-365 induced sediment transport; therefore, four different Manning's coefficients (n=0.017, 0.018, 0.019, 0.02) are used for 366 evaluating and analysing its sensitivity in the modelling of the dyke breach process. Fig.10 illustrates the comparisons 367 between the predicted results and the measured data, showing both the outflow hydrograph (Fig.11a ) and the water level 368 in the reservoir (Fig.11b) . It can be seen that the Manning's coefficient changes the peak value and the time of 
388
The numerical model predicts slightly more severe erosion at the downstream toe of the dyke at t=20s; it is clear that 389 more deposition is indicated there by the digital terrain data. At t=370s, more severe erosion can be observed in the 
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This study is primarily focused on the small-scale flood events with flow-sediment interactions. In reality, the hydraulic 451 and bed conditions are much more complex. Therefore, applications of the model in large-scale flood events will be 452 investigated in subsequent research.
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